A coordinated national program is being formulated to adapt and develop optical materials to support a goal of meeting 20% of our national energy needs with solar by the year 2000. The program contains elements covering absorber, reflector, and transmitter materials but not photovoltaic materials. These elements include research on glass and polymer materials for glazing and reflector components, environmental testing, and long -term reliability modeling. Program subelements that support R &D and encourage commercialization of new products are also discussed. An overview of the proposed funding levels is presented.
Introduction
Materials play an important role in all of our industrial technologies. Materials research has often been a prerequisite of the evolutionary and innovative changes that mark technological advances. As we strive to utilize solar energy more fully by its direct conversion to heat, shaft power, or electricity, it is evident that materials research will also play an important role in providing the durable, high -performance, and cost -effective components necessary for the successful commercialization of this non -polluting, renewable energy source.
The Solar Energy Research Institute (SERI) is coordinating the development of a national program plan for research on materials used in solar energy conversion systems. The plan represents many disciplines, including optics, and addresses the many functions of materials in various system components including concentrators, receivers, energy transfer systems and structures. The optical materials functions are the absorption, reflection, and transmission of radiant energy from the sun in a way that provides high system performance. However, a balance between maximizing efficiency and durability and minimizing costs must be made in order that solar energy conversion systems become economically attractive.
Under the Department of Energy structure as it existed until the Fall of 1979, the United States solar energy program was organized into technological areas of solar thermal (ST), industrial process heat (IPH), active heating and cooling (AHAC), passive, photovoltaics (PV), fuels and chemicals, ocean thermal electric conversion (OTEC), biomass, and wind. Elements of the program and technologies were dispersed over four DOE divisions. The program philosophy was to fund materials research when it was needed for a specific project or technology. As a result, materials research was sometimes 1) neglected in important areas that were assumed to be covered by another technology, 2) not considered to be significant enough for development within a technology, even though collectively it would benefit all technologies or 3) sometimes duplicated by the various program offices.
Optical materials play an important role in all but OTEC, biomass, and wind. With coordination by SERI, a national Solar Optical Materials Program Activity Committee (SOMPAC) was formed in 1978 in order to provide a broader technological base from which the cost and performance of collectors could be improved, to identify and discourage duplicative research efforts except where needed, and to identify key research areas and prioritize their funding levels, thereby impacting the benefit to cost ratio of the research effort. SOMPAC's membership presently represents six national laboratories involved in solar energy research.
The solar optical materials program plan
The solar optical materials program plan is composed of three major elements, an absorber materials plan, a reflector materials plan, and a transmitter materials plan. The three plans exist in various stages of completion.
Absorbers
The absorber surface program plan was the first to be completed.1 Unlike the reflector and transmitting material plans described below, it was derived using a constraint of a maximum annual funding level equal to the funding available in FY78. No manufacturing technology support provisions are included and the activities represent a minimum balanced effort. The plan is organized in a slightly different format than are the transmitter and reflector plans. A program management section provides support for four development activities and four supporting functions. The four development activities address the improved durability and cost effectiveness of low temperature selective absorber surfaces for passive, flatplate, and evacuated tube collectors to 200 °C; commercial black chrome and an identified alternate selective surface for applications to 400 °C; intermediate temperature (400-700 °C) selective absorbers; and absorber surfaces for high temperatures ( >700 °C). The selection of temperature regimes was somewhat arbitrary. The choices were determined by adding an approximate 100 °C buffer to operating temperatures for generic applications. The four supporting functions are optical measurement, durability testing, and components evaluation; systems analysis; data base; and basic and generic research. An outline of the program plan is provided in Figure 1 .
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The first element provides for the necessary materials R &D that will produce the technological basis for cheaper and more durable collectors. Research on new materials, adaption of existing materials, materials processing, and durability are all addressed. A knowledge of the durability of the optical parameters of candidate materials is important in assessing the long -term performance of solar energy conversion systems. The correlation of accelerated weathering test to actual longterm performance for many component materials is not well understood. Part of the research and development activity is to perform accelerated and long -term aging of solar optical materials in order to predict more accurately the environmentally caused degradation of candidate materials, and to reduce the design margins required for meeting a specified system output.
The second element of each plan is unique from most government programs. Specifically, there is a substantial effort in the area of manufacturing technology to promote commercialization of the most promising results of research and development. A good example of this type of activity is a pilot run of thin glass made by Corning Glass Co. using the fusion process. Under a SERI sponsored contract over 200 square meters of I and 1.5 mm thick glass was produced in sheets approximately 1 m wide. This glass is flexible and has a low solar absorptance of 0.01. Under a SERI accelerated materials commercialization plan,3 the glass produced by Corning was distributed to a number of laboratories and manufacturers to assess its performance and handling characteristics in solar components. The results of these experiences will be collected by SERI and used to assess the potential of this product.
The third element common to the reflector and transmitter plans is the provision of a support activity to assure accuracy, uniformity, and availability of reported material parameters. This will facilitate communication and intercomparison of results obtained in different research or manufacturing organizations. Most of the solar community is aware of the importance of the abosrptance, reflectance, and transmittance of optical components. They are less aware of the measurement techniques, standards, and data analysis required to obtain the solar weighted values for these parameters. For concentrator technology, the specularity of the concentrator optics whether they be reflective or transmissive is of primary importance. Specularity is a much more difficult parameter to measure accurately and to quantify. The establishment of measurement techniques for determining specularity in order to obtain consensus standards is being addressed by the American Society for Testing and Materials (ASTM). Standard reference materials for reflectors and absorbers are being developed by the National Bureau of Standards. As part of this support activity, the optical properties of materials will be assembled into a national data base under development by SERI for use by the solar community.
The last element is a management activity that provides support for the program by securing appropriate funding, providing program planning and organization based on analysis and review, and by facilitating communication of the results of R &D and commercialization activities throughout the solar industry.
A large portion of the reflector materials program is a research and development activity in glass technology. The commercialization of thin glass described above is a part of this effort. Although glass is a transmitting material, its prevalent use for substrates or superstrates for reflector materials led to its incorporation into the reflector materials plan. In a similar manner, a large portion of the transmitter materials plan is a polymer program. As in the case of glass, polymers are widely used for both glazings and substrates or superstrates for reflectors. Although the decision to put glass research into the reflectors material program and polymers into the transmitting materials program was somewhat arbitrary, this division represents present use in the solar industry and provides a balance in funding levels for these two main program areas.
The above program plans are projected for five years with a maximum involvement of industry in the development projects. Universities and national laboratories will be involved primarily in research and support activities. 
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The above program plans are projected for five years with a maximum involvement of industry in the development projects. Universities and national laboratories will be involved primarily in research and support activities. The absorber materials plan was derived using a constraint of maximum annual funding equal to the funding available in FY78. In detailing the program needs and research opportunities for the reflector and transmitter plans, SOMPAC made initial estimates of man -year efforts and monetary resources required to carry out a minimum effective program. The assumption of a restricted budget required the committee to constrain the scope of some investigations and to defer work on several issues considered less urgent. The funding recommended by SOMPAC for many of the specific research areas is the minimum or critical level to provide a meaningful effort. In all cases, funding at approximately twice the level of the amount indicated in Table I would be desirable and cost effective over a long -term period.
The resource estimates in Table I include direct R &D labor as professional man -years independent of whether they come from national laboratories, universities or commercial research organizations. These estimates were converted into dollar values for the preparation of the summary tables by using a rate of $130,000 per man -year assuming an average mix of senior and junior professionals, a one -to -one professional -to-technician ratio, and a labor burden cost typical of government and aerospace laboratories. The resource estimates include dollar costs for materials laboratory equipment and instrumentation test services, subcontracts with commercial organizations to produce prototype materials, and /or construction of prototypes for pilot scale manufacturing facilities.
The proposed funding over a five year program for the three elements totals about $90 million dollars, as shown in Table I . In order to verify that expenditures of this level were justified, the benefits that might be expected from implementing the proposed national optical materials program plan have been assessed. The technique for calculating these benefits was developed in the absorber materials program plant and is a simple and conservative approach based only on the additional energy delivered by modest improvements in collector performance. The technique is based on market penetration studies4 weighted toward the MITRE -SPURR numbers. It does not give any credit for additional market penetration that might result from improved collector performance. Using the market predictions, the total energy delivered from 1985 to 2020 by solar conversion systems using optical materials was calculated. The value of improving the long term performance of transmitter, reflector, or absorber optical components is calculated to be the value of the additional energy delivered by the improved system. The energy is always assumed to be valued at the present price of fossil fuels with the savings discounted to their present value. The results of this conservative analysis are included with the summary of recommended funding in Table 1 . They show probably benefits of approximately 15 times the proposed program costs.
Summary
Under SERI's coordination, a national plan for solar optical material research and development is being developed. Included are activities that support large -scale manufacturing in order to accelerate commercialization of the research products. The national plan consists of separate elements that cover absorber materials, reflector materials, and transmitter materials. Program plans for development of glass and polymer materials are coordinated with and included in the reflector and transmitting materials elements respectively.
The program outputs are expected to impact the technologies in a timely manner. In early stages of the program, better handbook and design data on materials properties and durability will reduce system overdesign. Later in the program, the adaptation of existing materials and processes for application to solar optical components will make available more options to system designers for selecting better performance materials. Finally, the materials R &D will provide new materials with better durability and /or performance that will be ready for future commercialization.
The absorber materials plan was derived using a constraint of maximum annual funding equal to the funding available in FY78. In detailing the program needs and research opportunities for the reflector and transmitter plans, SOMPAC made initial estimates of man-year efforts and monetary resources required to carry out a minimum effective program. The assumption of a restricted budget required the committee to constrain the scope of some investigations and to defer work on several issues considered less urgent. The funding recommended by SOMPAC for many of the specific research areas is the minimum or critical level to provide a meaningful effort. In all cases, funding at approximately twice the level of the amount indicated in Table I would be desirable and cost effective over a long-term period.
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Question: For a certain area, you have to put a material out there, and a certain amount of energy is required to do this. How many years does it take to recover that energy investment from the sun? Answer:
There has been a considerable amount of work done on this. For instance, probably one of the most energy intensive technologies is photovoltaics where single crystals are grown. The calculations I've heard are six -ten years to return the investment. If you go to thin film processes where you don't grow full crystal but put down a thin film it's much less. In fact in most materials -for flat plate collectors for hot water and a lot of other things, the payback is very quick. I would estimate (roughly) that it's a matter of months in these cases.
Question: Could you say a few more words on the comprehensive solar materials plan? Answer: Well a plan of this type has several purposes and of course it may change. It does certainly highlight the necessity of doing materials research and having it on the desk of the planners encourages funding for it. It helps put it in the budget cycle early so money can be appropriated. Given that money, which may be two -three years down the road, the plan will serve as a guideline for management.
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